INTRODUCTION
The rose shrimp Parapenaeus longirostris (Lucas, 1846) shows a wide geographic distribution, 1960; Massuti, 1963; Audouin, 1965; Koukouras and Kattulas, 1974; Holthuis, 1980) .
In the Mediterranean Sea, the species inhabits sand-mud$ bottoms and its bathymetric distribution ranges between 20 and 750 m (Tom et al. 1988) . However, its main distribution stratum is between 100 and 400 m (Ribeiro Cascalho, 1988; Sobrino, 1988; Sobrino and Fernandez, 1991; Crosnier et al., 1970; Crosnier and Forest, 1973) .
This epibenthic short-lived species is the main target species of a large fishing fleet working in the eastern Atlantic Ocean and is characterised by high rates of growth and mortality (Abelló et al., 2002) . The principal fishing grounds are located in the south of Spain and Portugal (Pestana, 1991; Sobrino et al., , 2000 , as well as areas off Morocco, Mauritania, Senegal, Guinea Bissau, Gabon and Angola (Cervantes and Goñi, 1986; Cervantes et al., 1991; Sobrino and García, 1991, 1992a,b) . The species also has a high commercial value in France, Italy, Algeria, Tunisia, Greece and Turkey, although on a lesser scale (Stamatopoulos, 1993) .
Because of its great economic importance, a lot of information exists on the biology and ecology of this species. For the last twenty years in the Mediterranean Sea, this species has been the subject of important studies allowing the collection of detailed information on distribution (e.g. Ardizzone et al., 1990; D'Onghia et al., 1998; Mori et al., 1986; Tom et al., 1988) , abundance (e.g. Levi et al., 1995; Lembo et al., 2000; Pestana, 1991; Sobrino et al., 2000; Nouar and Maurin, 2001 ) and biology (e.g. Arrobas and Ribeiro Cascalho, 1982; Ribeiro Cascalho and Arrobas, 1983, 1987; Lagmari et al., 2001; Dos Santos, 1998; Spedicato et al., 1996; Mori et al., 1986; De Ranieri et al., 1998; Froglia, 1982; Sobrino and Garcia, 1994) . In the eastern Mediterranean Sea there are few studies on its biology, and knowledge of the fishery of this species was only recently obtained in the framework of trawl survey projects carried out principally in deep waters (Anon., 1999; Anon., 2001 Anon., , 2003 Politou et al., 1998; Abelló et al., 2002; Kapiris et al., 2002) .
Despite its biological importance, very few studies have been conducted on its feeding habits in the western and central Mediterranean (Orsi Relini, 1973; Ribeiro Cascalho and Arrobas, 1983; Burukovsky, 1969; Mori et al., 2000; Cartes, 1995) . Labropoulou and Kostikas (1999) have studied the distribution patterns and the feeding habits of four deep-water decapods-including P. longirostriscaught along the continental slope of Crete (South Aegean Sea).
The present work aims to contribute to the knowledge of the diet and feeding habits of this species occurring in the North Ionian Sea (Greek and Italian sectors) and to assess the effects of season, sex, size and region on its diet.
MATERIAL AND METHODS
In the framework of the Interreg II project (Greece-Italy), three seasonal surveys (September 1999 , April 2000 , July 2000 were carried out along the Greek coasts of the North Ionian Sea between Othoni Island and the Island of Zakynthos at depths ranging from 300 to 1200 m, and one survey was carried out in the Italian Ionian Sea (August 2000) (Fig. 1) . In both study areas the species was more abundant in the depth zone from 300 to 500 m. Stratified sampling was used and a total of 60 hauls were carried out during each survey in the Greek study area and 29 in the Italian one. A commercial 159 ton vessel with a 923 HP engine equipped with a trawl of 40 mm stretched mesh size at the cod-end was hired.
The samples were fixed on board immediately after capture in 10% buffered formalin. A total of 324 male and 309 female stomach contents of P. longirostris were analysed. The carapace length (CL) and the body weight (BW) were registered. The stomach was removed and the weight of the stomach content was determined (SC). Prey items were identified to the lowest taxonomic level possible and counted under a binocular stereoscope.
The vacuity index (VI, empty stomachs/total number of stomachs*100) was estimated. The stomach fullness was recorded in two different ways: (a) as a percentage using the scale empty (0-10%), moderately full (11-40%), full (41-70%) and very full (71-100%); and (b) using the repletion index (RI) (SC/BW*100) (Morato et al., 2000) .
The percent frequency of occurrence (O) and the relative abundance (A) for each type of prey were calculated for each stomach (Hyslop, 1980) : % O = (number of stomachs containing a given prey item x 100)/total number of stomachs examined % A = (number of prey items of a given prey x 100)/total number of prey items.
Fish, echinoderms and sipunculoidea items were counted as a single prey item per stomach, because it was not possible to distinguish the exact number of prey items. The unidentified molluscs and crustaceans were referred to as "mollusca" and "crustacea". Seeds and macrophytes were reported under the term "plant debris". The presence of scales was not taken as proof that fish had been eaten (Jutkins and Fleminger, 1972; Cartes and Sardà, 1989) . We have called any amorphous soft portion that could not be identified as a taxon "nonidentified" preys .
To detect the variations related to the size and to the food habits, the individuals of both sexes of P. longirostris were separated into two size groups: those under 15 mm carapace length (CL), considered as "small" and those over 15 mm CL considered as "large".
Lastly, diversities in the diets of different sexes, size classes and seasons were established using the Shannon index (Shannon and Weaver, 1963) based on the numerical (relative) abundance of prey items found in the stomachs. In order to avoid bias due to the different areas studied, we distinguished the analysis of the data from each area (Greek and Italian Ionian Sea). A comparative study between the data from Italy and Greece was done between the August 2000 and September 1999 surveys respectively. The above comparison was carried out, in spite of the slight temporal difference, because of the high summer environmental stability of both study areas.
Statistical differences in dietary compositions and stomach fullness by size, sex, season and region were tested by the non parametric Mann-Whitney, Kruskall-Wallis, Kolmogorov-Smirnov tests (Sokal and Rohlf, 1981) . We deemed only those independent variables with P<0.05 to be significant.
RESULTS
The CL of the sampled individuals ranged from 7.98 to 37.40 mm [average: 20.72 mm ± 5.54 (standard deviation)] for the females and from 4.34 to 34.60 mm (average: 20.86 ± 4.34 mm) for the males. The body weight ranged from 0.33 to 21.88 g (average: 5.66 ± 3.83 g) for the females and from 1.30 to 20.22 g (average: 5.62 ± 3.15 g) for the males. There was no statistically significant difference between the median CL and body weight of males and females (Mann-Whitney test, P=0.69). The size frequency distribution of both sexes is illustrated in Figure 2 .
Diet composition
The diet composition of male and female P. longirostris per sampling season and study area is summarised in Tables 1 and 2 . A total of 1045 food items belonging to 36 prey categories were identified. Diet consisted mainly of polychaetes, crustaceans and gastropods. The diet of this species, according to the Shannon index, was highly diversified (Table 3) .
In the Greek waters, the most important groups of prey items based on both the %A and %O found in the stomachs of both sexes, were polychaetes, decapoda natantia, gastropods, amphipods and osteichthyes. For males, for all the sampling periods these five prey categories constituted 18.25-57.87% of the relative abundance and 18.9-57.22% of frequency of occurrence. For females, those values were 16.80-70.27% and 16.80-68.57% respectively. A statistically significant difference between seasonal medians of the relative abundance at 95% level was found only in females (Kruskall-Wallis, P=0.003). Cephalopoda and nematoda were very common in the diet of both sexes during September, whereas aplacophora (mollusca), cephalopoda, eggs, tanaidacea, reptantia and mysidacea were present in the diet of both sexes only during this period. In spring, the most important prey were polychaetes, plant debris and amphipods for males, and polychaetes, gastropods and decapods for females. In July, the dominant prey items were polychaetes, decapods and fish for males, and decapods and polychaetes for females. In each season, no statistically significant difference was found in the diet composition between males and females (Mann-Whitney, P=0.35). The trophic diversity (Table 3 ) was found to be indifferent between seasons in both sexes (Mann-Whitney test, P=0.88). It was found to increase in September 1999 for both sexes, confirming a higher dietary specialisation during autumn. In the Italian waters, the composition of the diet of both sexes of P. longirostris included osteichthyes, gastropods and soft tissues in males, and gastropods, foraminifera and polychaetes in females. In contrast, some crustaceans, such as amphipoda, isopoda, ostracoda, euphausiacea and mysidacea were secondary food items. It is worth noting that there was no statistically significant difference between the medians of the relative abundance of the prey items between the Italian Ionian Sea (August 2000) and the Greek study areas (September 1999) for either sex (Mann-Whitney, P=0.89 for females and 0.57 for males). However, the prey distributions were statistically different between the two study areas (Kolmogorov-Smirnov, P=0.00 for both sexes). Thus, gastropods, foraminifera, polychaetes, fishes and molluscs were more frequent in stomach contents in specimens caught in the Italian Ionian Sea than in Greek waters. No statistically sig-DIET OF PARAPENAEUS LONGIROSTRIS 251 nificant difference was found between the diet composition of males and females in the Italian study area (Mann-Whitney, P=0.43). The diversity index in the Italian study area (Table 3 ) was much lower than that estimated for the Greek study area (September 1999).
Feeding activity
The median stomach content weight did not differ significantly between the two sexes (MannWhitney, P=0.10) in the Greek Ionian Sea in each season (Table 4) . However, the females' stomach content weight was higher than that of males for each sampling period. Significant differences between the seasonal medians were found for both sexes (Kruskall-Wallis, P=0.01). The highest stomach content weight was found in July and the lowest in September for both sexes. In the Italian Ionian Sea, the stomach content weight was statistically higher than that found in the Greek waters for both sexes (September 1999) (Mann-Whitney, P=0.002 for females and P=0.00 for males).
The mean seasonal repletion index and the standard deviation are given in Table 4 . Statistically significant differences between the seasonal medians were found for both sexes (Kruskall-Wallis, P=0.00). The highest value was found in April and the lowest in September for both sexes. In April, the species consumed heavier prey items such as gastropods, polychaetes and decapods (Tables 1 and 2 ). No significant difference between the mean repletion index was found between sexes (Mann-Whitney, P=0.47).
The mean seasonal values and the standard deviation of the percentage scale of stomach fullness are also given in Table 4 . In this case, no significant difference between seasonal medians was found in either sex (Kruskall-Wallis, P=0.02). The highest value was found in July and the lowest in September for both sexes. In the Italian Ionian Sea, the repletion index and the fullness values were higher than those found in the Greek waters (September 1999), but these differences were not significantly different (Mann-Whitney, P=0.67).
The vacuity index was analysed per sex and season (Table 4) . Empty stomachs were found in all seasons, although the highest proportion was found in September for both sexes. On the other hand, the lowest number of empty stomachs (highest proportion of non-empty stomachs) was found in July for males and in April for females. The percentage of empty stomachs for both sexes of P. longirostris in the Italian Ionian Sea was lower than that in the Greek Ionian Sea (September 1999), indicating that in the former area-in combination with the above results-the species exhibits better feeding opportunities.
The above results suggest that males have a higher feeding activity during summer (highest value of stomach content weight and fullness, high value of repletion index and lowest value of vacuity index), whereas in autumn their feeding activity is lower (lowest value of stomach content's weight, repletion index, fullness, highest value of vacuity index). Concerning females, the above results indicated that their feeding activity increased in spring (highest value of repletion index, high value of fullness, lowest value of vacuity index) and summer (highest fullness and stomach content weight). In September, both sexes showed a reduced feeding activity in relation to the other seasons (lowest value of stomach content's weight, repletion index, fullness, highest value of vacuity index).
Feeding activities in relation to size
The diet composition (relative abundance) per size group and sex (in pooled data) for P. longirostris is illustrated in Figure 3 . The most common prey items of small male class individuals (CL<15 mm) were polychaetes, crustaceans-mainly ostracods-and plant debris (72% of the total diet). In the case of females of the same class, cephalopoda, nematoda, crustacean (mainly euphausiacea) and plant debris (almost 50% of their total diet) prevailed. On the other hand, more mobile items predominated in the stomachs of the individuals of both sexes belonging to the larger size class (CL>15 mm). Prey items such as decapoda natantia, osteichthyes and crustaceans were present in higher proportions (46-55% of their total diet), indicating their higher predatory activity (Fig. 3) . The diversity of the stomach content of the large individuals was statistically higher than that of the small ones, in both sexes (Mann-Whitney test P=0.002 for males and P=0.03 for females) ( Table 5 ). The stomach content weight, the repletion index, and the stomach fullness were significantly different between the smaller and larger individuals in both sexes, being higher in the larger individuals (Table  5) . Thus, the P values estimated by the Mann-Whitney test were always smaller than 0.05: P=0.00 for the stomach content weight, P=0.00 for the repletion index and P=0.02 for the fullness. On the other hand, the vacuity index was higher in the smaller ones (Table 5) . It is worth noticing that the repletion index of the small males was statistically lower than that of the small females (Mann-Whitney test, P=0.02). This could be attributed to the heavier prey items consumed by females (e.g. gastropods, cephalopods) (Fig. 3) . On the other hand, no statistically significant difference in repletion index was shown between large males and females (MannWhitney test, P=0.00).
DISCUSSION
Parapenaeus longirostris displayed a highly diversified diet and consumed a broad range of prey items. The present study showed that P. longirostris can be considered as an active carnivorous predator on bathypelagic, benthic and endobenthic preys, mostly polychaetes. The relative small proportion of osteichthyes and cephalopods in its diet suggests that scavenging is a secondary activity in the feed- ing habits of P. longirostris. This is in accordance with the results of a similar study along the continental slope of Crete Island (Aegean Sea) (Lambropoulou and Kostikas, 1999) . The results presented here are in agreement with previous studies, taking into consideration the possible differences in the fauna and bottom morphology observed in each study area. Ribeiro Cascalho and Arrobas (1983) examined the stomach contents of 40 specimens of P. longirostris in southern Portugal. According to this study, fish, crustaceans (Decapoda, Cirripedia and Ostracoda), polychaetes and foraminifera seemed to be the preferential preys. In the Italian waters, Mori et al. (2000) reported that the prey items of this species consisted mostly of external skeletons of bottom organisms that were always crushed and often in an advanced state of deterioration. In addition, some inorganic material was found. Crustaceans, mainly mysids and amphipods, dominated the diet both qualitatively and quantitatively in specimens caught in the above area. Molluscs, represented mostly by juvenile bivalves and gastropods, cephalopods, small echinoderms (ophiuroids, sea urchins and holoturoids), polychaetes, fish, foraminifera and organic detritus were also found. During the hunting phase, P. longirostris feeds on small fish, cephalopods and crustaceans, while in a digging phase it searches for preys in the mud, such as polychaetes, bivalves, echinoderms and mostly foraminiferans (Orsi Relini, 1973) .
The diversity index values in the Greek study area did not yield significant differences between seasons. The diet of this species showed only minor changes with season, probably because of the high environmental stability of the deep waters (Pérès, 1985) . It is worth noting that the food diversity was higher in autumn, when a substantial increase in prey items that live buried in the substratum, such as tanaidacea and nematodaor scaphopoda, were observed in their stomachs. This suggests that the rooting behaviour of this species appears to be more intense in autumn. The diversity index H' for the diet of P. longirostris was similar to that estimated in the Cretan Sea (Labropoulou and Kostikas, 1999) , but much lower than that of the Catalan Sea (Cartes, 1995) . However, these differences could be attributed to the different taxonomic identification level of prey of the above studies.
Feeding intensity, according to Bowman and Bowman (1980) , is positively related to the repletion index and fullness and negatively related to the vacuity index. In the present study the low values of the vacuity index throughout the sampling period and the "moderately full" or "full" stomachs indicate that feeding intensity is high for P. longirostris. In the Catalan Sea, Cartes (1995) reported that the high fullness of the stomachs of this species could be attributed to the calcified preys it consumes, because these preys show a higher retention time in their foregut. In general, these features seem to apply to all the Penaeoidea, which are probably related to a random hunting strategy (Lagardère, 1972) and to a high metabolic rate, as demonstrated for Aristeus antennatus (Company, 1995; Maynou and Cartes, 1997) .
No clear differentiation in the feeding behaviour in terms of either diet composition or feeding activity between sexes was observed. In addition, the increased values of the stomach content weight, the repletion index, the fullness and the low value of the vacuity index support the finding that feeding activity increases in summer for males and in spring or summer for females. This increase could be attributed to the metabolic processes of this species, such as reproduction, moulting and the settlement of juveniles (Dall et al., 1990) . There are no data on the biological factors affecting the life cycle of P. longirostris in the study areas. However, the peak of gonad maturity is observed in autumn (unpublished data). Enlargement of the gonad compresses the stomach in females, thus preventing maximum stomach fullness. In fact, the feeding activity of both sexes was low during this period (lowest values of stomach contents weight, repletion index, fullness, highest percentage of empty stomachs). Notwithstanding, these trophic variations of P. longirostris would be an appropriate subject for future work.
Several studies on the diet of decapods highlight ontogenetic changes as the most important biotic factor in the diet variability. For example, the crab Necora puber shows increased preference for fish and decapods with growth and reduces the predation on non-decapod crustaceans and plants (Freire and González-Gurriarán, 1995) . In general, an increase in the predator size means that the prey size will increase (Dall et al., 1990) . Comparison of the diet composition, dietary diversity and feeding activity between the small and large individuals reveals that this species undergoes changes in its feeding habits with ontogeny. Larger specimens are more efficient predators than smaller ones because of their greater swimming ability. However, almost the same prey occurred in the stomachs of small and large specimens, but in different proportions. Studies made by Burukovsky (1969) in samples from the Gulf of Cadiz and off the northwest African coast indicate different diets according to age. According to this study, the diet of younger individuals consisted mainly of foraminifera and planktonic crustaceans. The analysis of foregut contents of older individuals showed that they consumed mostly amphipods, isopods, shrimps, crabs, euphausiids, mysids, some cephalopods and fish. No important differences were observed in the diets of the two P. longirostris size classes caught in the Catalan Sea (Cartes, 1995) , but diet differences in different size groups in other deepwater natantian decapods (e.g. Aristeus antennatus (Cartes and Sardà, 1989) for Plesionika heterocarpus (Labropoulou and Kostikas, 1999) , Aristaeomorpha foliacea (Cartes, 1995) ) or reptantian decapods (e.g. Polycheles typhlops and Stereomastis sculpta (Cartes and Abelló, 1992) ) have been reported.
No differences in the diet composition were found between the samples caught in the Greek and Italian study areas. All major taxa were present in the diet of individuals caught from both areas. The feeding activity of the individuals caught in the Italian study area, however, seems to be higher in the same period. These variations could be attributed to the different environmental conditions and biogeographic distribution occurring in the two areas. There are few available data on macrofaunal densities that would allow comparison between the two study areas. The type of bottom in the northwestern Ionian Sea (Italy) is more variable (sandy, rocky, coarse debris, sandy-mud, muddy) than that in the Greek Ionian Sea (Anon., 2001).
